This study was conducted to investigate the prevalence of Blastocystis spp. and its subtypes (STs) in North Cyprus; and to evaluate the presence of this parasite and its STs with respect to demographic, socioeconomic, and epidemiological factors, as well as gastrointestinal symptoms. Stool samples were collected from 230 volunteers. Each participant also filled out a questionnaire. The samples were examined microscopically by native-Lugol and trichrome methods and further tested by polymerase chain reaction (PCR) and sequencing. Prevalence of Blastocystis spp. infection was found to be 10.5%, 10.5%, and 27.8%, by direct microscopy, trichrome method, and PCR, respectively. No other parasites were detected in the specimens except Giardia spp. (n = 2; 0.8%) and Entamoeba coli (n = 1; 0.4%). The most common Blastocystis STs were ST3 (20; 31.2%), ST2 (18; 28.2%), ST1 (8; 12.5%), and ST4 (7; 11%); whereas other STs were identified as ST6 (3; 4.7%), ST7 (2; 3.2%), and non-ST (6; 9.4%). Presence of Blastocystis spp. and its STs was not significantly related to any of the demographic, socioeconomic, and epidemiological factors. Furthermore, no significant association of Blastocystis spp. and its STs with gastrointestinal symptoms was found. This study is the first investigation of the epidemiology of Blastocystis spp. in North Cyprus. Distribution of Blastocystis spp. and its STs among demographic, socioeconomic, and epidemiological factors showed complete homogeneity. Presence of the parasite and its STs was not significantly related with the gastrointestinal symptoms among symptomatic and asymptomatic individuals. These findings suggest that Blastocystis spp. may be part of the intestinal flora in humans.
INTRODUCTION
Blastocystis spp. is the most widespread protists in the gastrointestinal tract of humans and in a variety of animal species. [1] [2] [3] [4] The routes of transmission of Blastocystis spp. are similar to those of other enteric parasites: the organisms can be acquired via fecal-oral pathway through contaminated food and water or by exposure to animals. 5 Based on the molecular analyses, Blastocystis spp. comprises at least 17 subtypes (STs) nine of which have been reported in humans. [6] [7] [8] [9] [10] [11] Pathogenesis of blastocystosis still remains uncertain, as the organisms can be found in both symptomatic and asymptomatic patients. 6 It has been proposed that the pathogenesis of Blastocystis spp. might be dependent on certain STs 12, 13 ; however, recent epidemiological studies remain contradictory. 14 Clinical features of blastocystosis include abdominal pain, flatulence, constipation, bloating, vomiting, and acute or chronic diarrhea. 3, 15 The prevalence of Blastocystis spp. varies between 0.5% and 23.1% in developed countries and 22.1% and 100.0% in developing countries. 1, 2, [15] [16] [17] [18] [19] [20] Generally, the high prevalence of infection is associated with demographic, socioeconomic, and epidemiological factors. 1, 15, 21, 22 Although a large number of studies on Blastocystis spp. have been published, information on the epidemiology and pathogenesis of the disease is still lacking. 5 Likewise, the prevalence and epidemiological profile of blastocystosis in North Cyprus have not been evaluated before. Hence, the primary goal of the present study was to investigate the prevalence of Blastocystis spp. and its STs in North Cyprus. The secondary purpose of the study was to evaluate the presence of this parasite and its STs with respect to demographic, socioeconomic, and epidemiological data; and to determine their role in gastrointestinal symptoms.
MATERIALS AND METHODS
Study area and population. A total of 230 volunteers who were living in North Cyprus were enrolled in this epidemiological study. North Cyprus, an island country, is situated in the northeast of the Mediterranean Sea and has the typical hot and dry Mediterranean climate. The country is located in 34°and 36°northern latitudes, and 32°and 35°e astern longitudes. North Cyprus is a developing country with a population of 313,626. The economy of the country is mainly provided by the public sector, trade, tourism, and education.
Stool samples were collected from both asymptomatic and symptomatic volunteers originating from main cities, Lefkosa, Girne, Guzelyurt, Iskele, Gazimagusa, and surrounding rural areas ( Figure 1 ). The participants were preferably selected from adults and elderly individuals. Only one sample per participant was included in the study. The ethical approval for the study was obtained from the Clin- Direct examination. A total of 230 fresh human fecal samples were examined macroscopically in terms of consistency, and presence of pus, blood, and helminths. All samples were also examined microscopically by using both native-Lugol and trichrome-stained smears. 23 Microscopic examination of the samples was performed double-blinded by two different experts.
Molecular assays. For the molecular analysis of Blastocystis spp., two preservation techniques were used: conventional frozen stool (FS) and dried stool spots on filter paper (DSSFP) methods. 24 DNA extraction was performed by following the manufacturer's protocol (EURx, Gene-MATRIX Stool DNA Purification Kit, Gdansk, Poland). Briefly, a total of 70 mg from the fecal samples were used in each preservation method for the extraction of DNA with a final elution volume of 100 μL. For detection of small subunit rDNA gene (SSU-rDNA) of Blastocystis spp., primers BhRDr (GAGCTTTTTAACTGCAACAACG) and RD5 (ATCTGGTTGA TCCTGCCAGT) were used in touch-down polymerase chain reaction (PCR) assay. 24, 25 Two microliters of DNA solution was added into the standard PCR mixture with a total volume of 25 μL. Sequencing of SSU-rDNA of the PCR products was analyzed by using the Blastocystis subtype (18S) and sequence typing database (MLST) (http://pubmlst.org/ Blastocystis/) online software. Representative nucleotide sequences from this study were submitted to GenBank under accession numbers KY675320-KY675376.
Statistical analyses. Statistical analyses were performed by using Stata software, version 21 (StataCorp, College Station, TX). The test was two sided, with a type I error set at α = 0.05. Association of Blastocystis spp. prevalence with demographic, socioeconomic, epidemiological, and clinical factors was evaluated by using Pearson χ 2 test or Fisher's exact test. To test the distribution of Blastocystis STs according to demographic, socioeconomic, epidemiological, and clinical factors, the Wilcoxon signed-rank nonparametric test was used and P < 0.05 was considered statistically significant.
RESULTS
General demographic, socioeconomic, and epidemiological information. A total of 230 volunteers were enrolled in the study. Numbers of female and male participants were 143 (62.2%) and 87 (37.8%), respectively. Distribution of the individuals according to the age groups was nine (3.9%) for age 7-19, 76 (33%) for age 20-39, 90 (39.1%) for age 40-59, and 55 (24%) for age 60 and above. A minority of the participants (24%) were university graduates; however, most of the individuals (91.7%) had middle or high socioeconomic status. According to their occupational status, the study population was categorized as students/pupils (8.3%), officials (27.8%), housewives/retirees (40.9%), workers (7%), and self-used (16%). Rates of the urban and rural residents were 64.8% and 35.2%, respectively. Thirty-seven percent of the individuals owned domestic animals such as dog, cat, chicken, and bird. Additionally, most of the participants used treated drinking water (bottled water: 80.4%, tap water: 19.6%). The detailed demographic, socioeconomic, and epidemiological information of the volunteers were shown in Table 1 .
Prevalence of the intestinal parasitic infection. In the macroscopic examination, 43 stool samples were noted to have watery appearance, whereas the remaining had normal consistency and color. Also, no pus, blood, and helminth were observed in the morphological evaluation of the specimens.
Blastocystis spp. was detected microscopically in the native-Lugol (n = 24; 10.5%) and trichrome-stained slides (n = 24; 10.5%). No other parasites were detected in the specimens except Giardia spp. (n = 2; 0.8%) and Entamoeba coli (n = 1; 0.4%). According to the PCR results, 49 (21.3%) and 58 (25.3%) specimens were found positive for Blastocystis spp. by FS and DSSFP methods, respectively. Total number of the PCR-positive specimens were noted to be 64 (27.8%) by the two methods.
Evaluation of Blastocystis spp. infection according to the risk factors and clinical symptoms. Presence of Blastocystis spp. was not significantly related to gender, age, marital status, educational level, economic status, and occupation ( Table 1 ). Association of Blastocystis spp. prevalence with the epidemiological factors such as travel history, residence, presence of domestic animals, and source of water was also not statistically significant (Table 1) .
There was no statistical significance between Blastocystis spp. positivity and any of the gastrointestinal symptoms such as bloating, abdominal pain, abdominal cramps, constipation, diarrhea, and nausea ( Table 2) .
Blastocystis suptyping and their association with risk factors. To determine Blastocystis STs, PCR products of 64 positive stool samples were sequenced in one direction. The most common Blastocystis STs were found to be ST3, ST2, ST1, and ST4; whereas other STs were identified as ST6, ST7, and non-ST. The STs were not significantly related to any of the demographic, socioeconomic, and epidemiological factors (Table 3 ). Furthermore, no significant association was found between Blastocystis STs and the gastrointestinal symptoms (Table 4 ).
DISCUSSION
Blastocystosis is commonly encountered especially in developing countries. The prevalence of Blastocystis spp. in developed countries such as Japan (0.5%) 17 and Denmark (5.6%) 18 is relatively low, with the exception of France (13.7-23.1%). 20 On the contrary, generally higher rates are documented from developing countries including Libya (22.1%), 15 Iran (26.9%), 26 Turkey (15.2%), 27 Brazil (17.8%), 28 Egypt (33.3%), 29 Philippines (12.9%), 30 and Thailand (21%). 31 The highest percentages of Blastocystis spp. positivity were detected in Senegal (100%), 16 Qatar (71.1%), 19 and Lebanon (63%). 2 In our study, the prevalence of Blastocystis spp. infection was noted to be 24 (10.5%), 24 (10.5%), and 64 (27.8%), by direct microscopy, trichrome method, and PCR, respectively. Generally, stained and direct smear methods have lower sensitivity, 32, 33 while PCR was found to be the most effective diagnostic approach. 25, 34 Owing to the difficulty in collecting three consecutive stool samples, we obtained one specimen from each participant. This might have affected the diagnostic performance of microscopy resulting in lower positivity rates in our study. Furthermore, the reason of inconsistent results among different studies can be explained by the different diagnostic methods used: Abdulsalam and others, 15 Belleza and others, 30 and Yaicharoen and others 31 used microscopy and culture, while our method was based on PCR. In North Cyprus, generally, the population has middle or high socioeconomic status; service sector is dominated, and especially tourism is considered as a major source of income. In the community, adequate public services and infrastructures including health care are available. Public water system is often controlled and treated. Generally, the individuals consume treated and bottled water that is considered to be healthy and safe. The population has easy access to water supplies, which provides maintenance of hygienic conditions. Additionally, garbage and sewage are known to be exposed to proper treatment before discharged. These can explain the reason of relatively lower rates of Blastocystis spp. in North Cyprus compared with developing countries.
The prevalence of the intestinal parasitic infections could depend on demographic, socioeconomic, and epidemiological factors. 35, 36 In our study, Blastocystis spp. positivity was not significantly related to the age and gender of the participants. Several studies indicated that the prevalence of this protistan infection was significantly higher in males in comparison to females. 15, 28, 37 On the contrary, no difference in the infection rates was documented between the genders by other studies. 19, 30, 38 Previous publications reported high prevalence rates among individuals aged 5-59, 30 in adults aged ≥ 18 years, 15 and those aged 18-30 years 31 . Li and others demonstrated that individuals aged 60 years and above had the highest rate of Blastocystis spp. infection. 9 However, other studies found no significant relation between the infection prevalence and age. 38, 39 These contradictory results can be explained by the local determinants such as the environmental conditions that affect the fecal-oral route of transmission among individuals of different ages and genders. 15 On the other hand, number of the participants aged 7-19 years was low (3.9%), which might also have affected the results of statistical analyses in the current study. Interestingly, our data revealed that the prevalence of Blastocystis spp. was higher in single individuals compared with married ones; however, there was no statistical significance between the infection rates and the marital status. Dagci and others also found no significant association between the marital status and the parasite prevalence. 27 In the present study, the prevalence of Blastocystis spp. between the used and unemployed individuals was not statistically significant. In a previous report, due to the significantly higher rates in the used individuals than those of the unemployed subjects, Abdulsalam and others demonstrated that occupational status of the individuals was a risk factor for blastocystosis. The authors indicated that this result could be explained by the higher possibility of acquiring the infection at the work places through the food and environment. 15 Also, Quihui and others found that children with unemployed and less educated mothers had a higher risk of parasitic infection. 40 Studies showed that the low level of education was a significant risk factor for acquiring Blastocystis and other parasitic infections. 15, 26, 35 Hygiene and sanitation are important factors for prevention and control of the communicable diseases. However, in our study, the relation between Blastocystis prevalence and educational levels was not statistically significant.
Previous studies indicated that poverty or low economic status significantly increased the prevalence of parasitic infections by enabling the active transmission within the community. 26, 35, 40 In our study, most of the participants (91.7%) had middle or high socioeconomic status; however, the rate of blastocystosis was interestingly high (27.4%) in this group. In the low socioeconomic status group, infection rate was also found high (31.6%). Furthermore, no statistical significance was found between Blastocystis prevalence and the educational levels, which was contradictory to the previous studies.
Ingestion of contaminated water, particularly surface water (untreated), was indicated as a potential risk for the infection with Blastocystis. 22, 40, 41 However, Abdulsalam and others and Osman and others detected no significant difference in the rates of blastocystosis between drinking treated and untreated water, and suggested that the level of contamination of groundwater by Blastocystis was likely to be low. 2, 15 In the present study, majority of the participants used bottled water (80.4%), and the remaining consumed tap water (19.6%), but no statistical difference was found in the infection rates between the two groups.
Blastocystosis is also regarded as a zoonosis. A high prevalence of this protist was detected in the feces of dogs (70%) and cats (67.3%). 21 The individuals who are exposed to animals were shown to have significantly higher rates of blastocystosis. 11, 42 However, similar to our findings, a study found no statistical significance between the prevalence of blastocystosis and contact with animals. 15 Previous studies indicated that factors associated with living in the rural regions significantly influence the prevalence of Blastocystis and other parasitic infections. Generally, this can be explained by the poor sanitary and hygiene conditions, effects of contaminated water supplies, exposure to soil, and absence of toilet facilities. 1, 43 On the contrary, Kiani and others found no statistical difference in blastocystosis rates between rural and urban residents, 26 which support our results. In our study population, 36% of the individuals frequently traveled to Turkey and European countries. Our results showed that traveling history of the participants did not significantly influence the prevalence of blastocystosis. Unlike our findings, Jelinek and others suggested that Blastocystis hominis was related with the development of diarrhea in travelers returning from tropical countries. 44 It is generally accepted that Blastocystis is noninvasive however, vacuolar form of the protist was shown to invade the lamina propria, submucosal and muscular layers of the intestine, leading to inflammation and active colitis in experimentally infected mice. 45 Furthermore, the proteases of Blastocystis were suggested as a virulence factor that contributes to escape from the host immune response. 46 Blastocystis spp. can be detected in both symptomatic and asymptomatic patients. 6 Several studies suggested that the protist could be a potential pathogen in both immunocompetent and immunocompromised patients. 47, 48 A recent study indicated that Blastocystis was a common member of the intestinal flora in healthy people, and various STs of the protist could also colonize the gastrointestinal tract resulting in asymptomatic carriage. 49 The most common symptoms of our study population were recorded as bloating, abdominal pain, abdominal cramps, constipation, diarrhea, and nausea. No significant association was found between the Blastocystis prevalence and development of the gastrointestinal symptoms. Our finding was inconsistent with those of previous studies in which significant relation was detected between blastocystosis and gastrointestinal symptoms in symptomatic individuals. 1, 2, 15, 37 In the present study, the most common Blastocystis STs were ST3, ST2, ST1, and ST4. Among these, only four STs (ST1, ST2, ST3, and ST4) are common throughout the world and their distribution also depends on geographic regions. [6] [7] [8] In Turkey, the most predominant Blastocystis ST was documented as ST3, which was followed by ST1 and ST2. 12, 50, 51 In the European countries, distribution of the STs tended to be similar to Turkey, and in addition, ST4 was commonly observed. 8 On the contrary, ST5-ST9 were detected sporadically in humans. 8, 9 Several studies suggested that the gastrointestinal symptoms associated with Blastocystis spp. might be dependent on certain STs 12, 13 ; however, recent epidemiological studies 14 remain contradictory. In the present study, Blastocystis STs also did not show significant correlation with the gastrointestinal symptoms. Similarly, the prevalence of Blastocystis STs was not found significantly associated with the demographic, socioeconomic, and epidemiological factors. Although there are limited data, Mattiucci and others demonstrated that ST3 and ST1 were significantly more prevalent in patients aged 15-50 years. 52 
CONCLUSION
This study is the first investigation of the prevalence and epidemiology of Blastocystis spp. in North Cyprus. Our results revealed high prevalence of Blastocystis spp. in the community; however, presence of the protist and its STs was not significantly related with the gastrointestinal symptoms among the symptomatic and asymptomatic individuals in North Cyprus. Interestingly, the distribution of Blastocystis spp. and its STs among demographic, socioeconomic, and epidemiological factors showed complete homogeneity. Taken together, these findings support the theory that Blastocystis spp. may be member of the intesti-nal flora in humans; nevertheless, further investigations are needed for elucidating the mechanisms of pathogenicity.
